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Description 

[PULSE WIDTH MODULATION POWER 
REGULATOR AND POWER SUPPLY 
SYSTEM THEREOF] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92130408, filed October 31, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention relates to a power regulator and a 
power supply system thereof, and more particularly to a 
pulse width modulation (PWM) power regulator and a 
power supply system thereof. 

[0004] Description of the Related Art 

[0005] | n a || 0 f the electronic devices, power supply is a major 
and necessary component. In general, when a variety of 
electronic components are combined in an electronic de- 
vice, the power supply system of the electronic device is 



required to provide a variety of powers with different 
waveforms, and thus a conventional device, a primary and 
a secondary power supply system is used. FIG. 1 is a 
schematic drawing illustrating a conventional power sup- 
ply system. In general, a conventional primary and sec- 
ondary power supply system 100 is composed of a power 
system central controller 102 and a plurality of remoter 
controlled PWM power regulators 104 for outputting volt- 
ages Voutl to VoutN. Each of the PWM power regulators 
104 is connected to the power supply central controller 
102 via a corresponding control signal wire 106. The 
power supply system can be, for example, applied to the 
computers. Basically, the power is applied to different 
loads, such as a CPU, a memory, or a display interface, 
through the power system central controller 102 and a 
plurality of remote controlled PWM power regulators 104. 
In general, different loads have different requirements re- 
garding power, voltage, current or switch timing. There- 
fore, each remote controlled PWM power regulator is de- 
signed with different specification respectively. 
[0006] Generally, the control signal wire 106 is composed of at 
least four signal wires for transmitting four signals: a ref- 
erence voltage Vref, an enable signal En, a Power OK sig- 



nal, and a fault signal. FIG. 2 is a circuit block diagram 
showing a prior art remote controlled PWM power regula- 
tor of a power supply system. The remote controlled PWM 
power regulator 104 comprises an error amplifier (EA) 
202, an output soft-starting clamp circuit 204, a PWM 
output stage 206, a LC filter 208, a power ready detecting 
circuit 210 and a fault detection circuit 212. 
[0007] Referring to FIG. 2, the error amplifier 202 receives and 
compares the reference voltage Vref and the output volt- 
age Vout for outputting an error signal. The output soft- 
starting clamp circuit 204 is provided for clamping the 
rise of the output voltage of the error amplifier 202 when 
the power regulator 104 is triggered to avoid the over 
current of the output capacitor. The PWM output stage 
206 is controlled by the enable signal En. After receiving 
the error signal, the PWM output stage 206 adjusts the 
duty cycle of the output waveform for generating the av- 
erage voltage substantially similar to the reference voltage 
Vref. The LC filer 208 is provided for filtering the average 
output voltage of the PWM output stage 206. The power 
ready circuit 210 is provided for informing the power sup- 
ply central controller 102 that the output voltage Vout 
have reached the target voltage via the Power OK signal 



since the output voltage Vout cannot immediately reach 
the target voltage due to the operation of the clamp cir- 
cuit 204. The fault detection circuit 212 is provided for 
detecting the fault condition, such as over current, over 
voltage, or over temperature, within the power supply 
regulator 104. 

[0008] Accordingly, the four signal wires of FIG. 2 have the fol- 
lowing functions. First, the voltage reference signal wire 
transmits the reference voltage Vref from the power sup- 
ply central controller 102 to the error amplifier 202, and 
the reference voltage Vref is provided as the target value 
of the output voltage Vout of the power supply regulator 
104. Secondly, the enable signal wire transmits the enable 
signal En from the power supply central controller 102 to 
turn on or off the clamp circuit 204 and the PWM output 
stage 206. Thirdly, the Power OK signal wire informs the 
power supply central controller 102 that the output volt- 
age has reached the target value via the Power OK signal 
from the PWM power regulator 104. Fourthly, the fault 
signal wire informs the power supply central controller 
102 that a fault, such as over current, over voltage, or 
over temperature has been detected within the power 
supply regulator 104 via the fault condition signal Fault 



from the power regulator 104. 
[0009] FIG. 3 is a waveform diagram illustrating the signals 

transmitted between the central controller and the remote 
PWM power regulator of a conventional power supply sys- 
tem. Referring to FIG. 3, when the reference voltage Vref 
is raised from the ground voltage Vss to the target voltage 
Vcc, the enable signal En is triggered to turn on the clamp 
circuit 204 and the PWM output stage 206. After the fil- 
tering of the LC filter 208, the output voltage Vout is gen- 
erated. The slope of the output voltage Vout is controlled 
by the clamp circuit 204 and is irrelevant to the waveform 
of the reference voltage Vref. When the output voltage 
Vout reaches, for example, about 90 % of the target volt- 
age Vcc, the Power OK signal is triggered and the power 
supply central controller 102 is informed that the output 
voltage Vout has reached the target voltage Vcc. When a 
fault condition is detected within the PWM power regulator 
104, the fault signal Fault is triggered and the power sup- 
ply central controller 102 is informed with the fault condi- 
tion. 

[0010] Accordingly, in the power supply system 100 of the prior 
art, the number of the control signal wires increases with 
the number of the remote controlled PWM power supply 



regulator 104, and each control signal wire 106 has four 
signal wires. In recent years, since the minimization of 
size and design of the electronic devices is highly desir- 
able, and therefore simplification of the design and re- 
duction in the number of signal wires of the power system 

is accordingly highly desirable. 
Summary of Invention 

[0011] Accordingly, one object of the present invention is to pro- 
vide a pulse width modulation (PWM) power regulator hav- 
ing a simple design with reduced number of signal wires. 

[0012] Another object of the present invention is to provide an 
power supply system for including the simplified power 
regulator having reduced number of control signal wires 
therein. 

[0013] | n order to achieve the above objects and other advan- 
tages of the present invention, a PWM power regulator is 
provided. The PWM power regulator comprises an error 
amplifier, a comparative circuit, a PWM output stage, a 
switch and a fault detection circuit. The error amplifier is 
provided for receiving a control signal from a control sig- 
nal wire and an output voltage of the PWM power regula- 
tor. The comparative circuit is connected to the control 
signal wire for outputting an internal enable signal ac- 



cording to a pre-set threshold voltage. The PWM output 
stage is connected to the error amplifier and the compar- 
ative circuit for outputting the output voltage according to 
a triggering of the internal enable signal. The switch is 
connected to the control signal wire and a ground. The 
fault detection circuit is connected to the switch for out- 
putting an internal fault signal to trigger the switch to 
ground the control signal when a fault condition within 
the PWM signal power regulator is detected. 
[0014] | n accordance with the other objects and advantages of 
the present invention, a power supply system is provided. 
The power supply system comprises a central controller 
having at least one soft-starting circuit and at least one 
PWM power regulator. The PWM power regulator is con- 
nected to the soft-starting circuit via a control signal wire. 
The PWM power regulator comprises an error amplifier, a 
comparative circuit, a PWM output stage, a switch and a 
fault detection circuit. The error amplifier is provided for 
receiving a control signal from a control signal wire and 
an output voltage of the PWM power regulator. The com- 
parative circuit is connected to the control signal wire for 
outputting an internal enable signal according to a pre- 
set threshold voltage. The PWM output stage is connected 



to the error amplifier and the comparative circuit for out- 
putting the output voltage according to a triggering of the 
internal enable signal. The switch is connected to the con- 
trol signal wire and the ground. The fault detection circuit 
is connected to the switch for outputting an internal fault 
signal to trigger the switch to ground the control signal 
when a fault condition within the PWM signal power regu- 
lator is detected. The fault of the PWM power regulator is 
detected by the central controller when the grounded 
control signal is detected by the central controller. 
[0015] | n an embodiment of the present invention, the control 
signal wire of the power supply system has only one sig- 
nal wire. 

[0016] | n an embodiment of the present invention, the PWM 

power regulator further includes, for example but not lim- 
ited to, a filter connected to the PWM output stage for fil- 
tering the output voltage. 

[0017] in an embodiment of the present invention, the error am- 
plifier has a common mode input range is about 0 V to 
about a target voltage. 

[0018] in an embodiment of the present invention, the predeter- 
mined threshold voltage is in a range of about 5% to about 
10% of a target voltage, or in a range of about 0.05V to 



about 0.5V. 

[0019] | n an embodiment of the present invention, the fault con- 
dition includes an over current condition, an over voltage 
condition or an over temperature condition. 

[0020] Accordingly, the power supply system and the remote 

control PWM signal regulator of the invention have at least 
the following advantages. First, the control signal wire of 
the present invention only requires a signal wire for trans- 
forming the control signal compared to the prior art con- 
trol signal wire which requires at least four signal wires. 
Secondly, the present invention uses at least one soft- 
starting circuit within the central controller of the power 
supply system for outputting the control signal to the 
PWM power regulator, and therefore, the PWM signal reg- 
ulator of the present invention does not need a soft- 
starting clamp circuit. Therefore, the circuit design of the 
PWM signal regulator can be significantly simplified. 
Moreover, the PWM signal regulators that have the same 
waveform of output voltage may use the same soft- 
starting circuit. Thirdly, the central controller of the power 
supply system is capable of determining the condition of 
the output voltage of the PWM signal regulator by detect- 
ing the control signal without requiring an additional con- 



ventional Power OK signal wire. Fourthly, when any fault 
condition is detected within the remote control PWM sig- 
nal regulator, the control signal is grounded. The central 
controller may detect the grounded the control signal to 
detect the fault of the PWM power regulator without re- 
quiring an additional conventional fault signal wire. 
[0021] | t j S t0 De understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0022] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. FIG. 1 is a schematic drawing illustrating 
a conventional power supply system. 

[0023] FIG. 2 is a circuit block diagram illustrating a conventional 
remote controlled PWM power regulator of a power supply 
system. 

[0024] FIG. 3 is a waveform diagram illustrating the signals 

transmitted between the central controller and the remote 



PWM power regulator of a conventional power supply sys- 
tem. 

[0025] FIG. 4 is a block diagram schematically illustrating a re- 
mote pulse width modulation (PWM) power regulator of a 
power supply system according to an embodiment of the 
present invention. 

[0026] FIG. 5 is a waveform diagram illustrating the signals 

transmitted between the central controller and the remote 
PWM power regulator according to an embodiment of the 
present invention. 

[0027] FIG. 6 is a block diagram schematically illustrating a 

power supply system according to an embodiment of the 

present invention. 
Detailed Description 

[0028] The present invention now will be described more fully 

hereinafter with reference to the accompanying drawings, 
in which preferred embodiments of the invention are 
shown. This invention may, however, be embodied in 
many different forms and should not be construed as lim- 
ited to the embodiments set forth herein; rather, these 
embodiments are provided so that this disclosure will be 
thorough and complete, and will fully convey the scope of 
the invention to those skilled in the art. Like numbers re- 



fer to like elements throughout. 

[0029] FIG. 4 is a block diagram schematically illustrating a re- 
mote pulse width modulation (PWM) power regulator of a 
power supply system according to an embodiment of the 
present invention. Referring to FIG. 4, the PWM power 
regulator 400 comprises an error amplifier (EA) 402, a 
comparative circuit 404, a PWM output stage 406, a LC fil- 
ter 408, a switch 410 and a fault detection circuit 412. 

[0030] Referring to FIG. 4, when a control signal Vctrl is inputted 
to the power regulator 400, the control signal Vctrl is in- 
putted to the error amplifier 402 and the comparative cir- 
cuit 404. The comparative circuit 404 is controlled by a 
predetermined threshold voltage Vth. When the control 
signal Vctrl is larger than the threshold voltage Vth, the 
comparative circuit 404 outputs an internal enable signal 
IntEn to activate the PWM output stage 406. When the 
control signal Vctrl is smaller than the threshold voltage 
Vth, the comparative circuit 404 outputs another internal 
enable signal IntEn to disable the PWM output stage 406. 
It is noted that, in comparison with a conventional PWM 
power regulator, the error amplifier 402 of the present in- 
vention has a more wider common mode input range in a 
range of about 0V to about a target voltage Vcc. There- 



fore, the error amplifier 402 can be controlled by the con- 
trol signal Vctrl and the output voltage Vout feedback 
from the power regulator 400 in order to precisely re- 
spond to the variation of the control signal Vctrl. There- 
fore, when the PWM output stage 406 is activated by the 
internal enable signal IntEn, the output voltage Vout can 
precisely vary with the waveform of the control signal Vc- 
trl. The internal enable signal IntEn is generated from the 
pre-set threshold voltage Vth. Generally, the threshold 
voltage may be set at a voltage little larger than the 
ground voltage Vss, but much smaller than the target 
voltage Vcc. For example, the pre-set threshold voltage 
Vth is set in a range of about 5 % to about 10 % of a target 
voltage Vcc, or in a range of about 0.05 V to about 0.5 V. 
The pre-set threshold voltage Vth depends on the target 
voltage Vcc. When the control signal Vctrl arises, the in- 
ternal enable signal IntEn is triggered almost at the same 
time. Therefore, the output voltage Vout and the control 
Vctrl are almost generated at the same time and substan- 
tially have the same slopes. Thus, in the present inven- 
tion, a Power OK signal provided in the prior art for in- 
forming the central controller 102 about that the output 
voltage Vout has reached the target voltage Vcc for appli- 



cation is no more required. 

[0031] Referring to FIG. 4, the LC filter 408 is provided for filter- 
ing the average output voltage of the PWM output stage 
406. The fault detection circuit 412 is provided for de- 
tecting any fault condition, such as over current, over 
voltage, or over temperature, within the power regulator 
400 and for generating an internal fault signal IntFault. In 
the present invention, the internal fault signal IntFault is 
inputted to switch 410 to ground the control signal Vctrl. 

[0032] FIG. 5 is a waveform diagram illustrating the signals 

transmitted between the central controller and the remote 
PWM power regulator according to an embodiment of the 
present invention. Referring to FIG. 5, when the control 
signal Vctrl is larger than the threshold voltage Vth, the 
comparative circuit 404 outputs an internal enable signal 
IntEn to activate the PWM output stage 406. After the sig- 
nal outputted from the PWM output stage 406 is filtered 
by the LC filter 408, an output voltage Vout is generated. 
It is noted that the rising slope of the output voltage Vout 
from ground voltage Vss to the target voltage Vcc is sub- 
stantially similar to that of the control signal Vctrl. When a 
fault condition occurs within the power regulator 400, the 
internal fault signal IntFault is triggered and inputted to 



the switch 410 to ground the control signal Vctrl. 

[0033] | n another embodiment, the present invention discloses a 
power supply system. FIG. 6 is a block diagram schemati- 
cally illustrating a power supply system according to an 
embodiment of the present invention. Referring to FIG. 6, 
the power supply system 600 comprises a power system 
central controller 602 having at least one soft-starting 
circuit 608 and at least one remote PWM power regulator 
604 for outputting Voutl-VoutN. Each of the remote PWM 
power regulator 604 is connected to the soft-starting cir- 
cuit 608 via a control signal wire 606, wherein the control 
signal wire 606 has only one signal wire. In a preferred 
embodiment of the present invention, the remote PWM 
power regulator 604 is composed of the remote PWM 
power regulator 400 shown in FIG. 4. 

[0034] The signals used in a conventional power supply system 
include a reference voltage Vref, an enable signal En, a 
power OK signal Power OK, and a fault condition signal 
Fault. Hereinafter, the function of the power supply sys- 
tem 600 that includes all the functions of the conventional 
power supply will be described in detail. Referring to FIG. 
2, the function of the conventional reference voltage Vref 
is to provide a reference voltage to the clamp circuit 204 



of the PWM power regulator is achieved by the control 
signal Vctrl of the invention. Referring to FIG. 5, a soft- 
rising control signal Vctrl has a target voltage Vcc pro- 
vided by the soft-starting circuit 608. In the present in- 
vention, each soft-starting circuit 608 can generate the 
same or different control signals Vctrl. For example, the 
control signals Vctrl having different voltage and timing 
waveforms can be used to control the PWM power regula- 
tor 604. Referring to FIG. 2, the function of the conven- 
tional enable signal En is to provide an enable signal to 
the PWM power regulator provided by the internal enable 
signal IntEn. As to the conventional Power OK signal, the 
power system central controller 602 can detect condition 
of the output voltage Vout of the PWM power regulator 
604 using the control signal Vctrl to . When the PWM 
power regulator 604 is normally operated without any 
fault condition, the waveform of the output voltage Vout 
is substantially equal to the waveform of the control signal 
Vctrl. When a fault condition is detected in the PWM power 
regulator 604, the control signal Vctrl will be grounded 
and thus the power system central controller 602 is capa- 
ble of detecting the fault of the PWM power regulator 604 
without requiring the Power OK signal. As to the conven- 



tional fault condition signal Fault, the fault detection cir- 
cuit 412 of the remote PWM power regulator 604 of the 
present invention will output an internal fault signal Int- 
Fault to ground the control signal Vctrl when a fault con- 
dition is detected within the power regulator 606. There- 
fore, the power system central controller 602 is capable of 
detecting the fault of the power regulator 606 by the 
grounded control signal Vctrl. 
[0035] Accordingly, the power supply system and the remote 

control PWM signal regulator of the invention have at least 
the following advantages. First, the control signal wire of 
the present invention only requires a signal wire for trans- 
forming the control signal compared to the prior art con- 
trol signal wire which requires at least four signal wires. 
Secondly, the present invention uses at least one soft- 
starting circuit within the central controller of the power 
supply system for outputting the control signal to the 
PWM power regulator and therefore, the PWM signal regu- 
lator of the present invention does not require the soft- 
starting clamp circuit, and therefore the circuit design of 
the PWM signal regulator can be simplified. Moreover, the 
PWM signal regulators that have the same waveform of 
output voltage may use the same soft-starting circuit. 



Thirdly, the central controller of the power supply system 
is capable of detecting the condition of the output voltage 
of the PWM signal regulator by detecting the control sig- 
nal without requiring any additional conventional Power 
OK signal wire. Fourthly, when any fault condition is de- 
tected within the remote control PWM signal regulator, the 
control signal is grounded. The central controller can de- 
tect the grounded the control signal determine the faultof 
the PWM power regulator without requiring any additional 
conventional fault signal wire. 
[0036] it w i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



